Entomologically, metamorphosis is defined as the process of transformation from an immature form to an adult form. No better term exists for the coming of age of interstitial lung disease (ILD) in 2014. The pivotal trials of antifibrotic agents (1, 2) in idiopathic pulmonary fibrosis (IPF) changed the specialty irrevocably. For the first time, the diagnostic distinction between IPF and other forms of ILD matters therapeutically. The reappraisal of risks and benefits of invasive diagnostic procedures and the emerging data on the diagnostic accuracy of high-resolution computed tomography (HRCT) in key IPF subgroups has major implications for multidisciplinary practice. The efficacy of pirfenidone and nintedanib poses new challenges in trial design. The perceived need for earlier IPF diagnosis has led to increased interest in studies of "interstitial lung abnormalities" (ILAs) in elderly patients. Acute exacerbations of IPF are under renewed scrutiny, and the surge in Internet information on IPF has created its own problems regarding misinformation. Basic science research in IPF mechanisms, already an area of rapid development, has never seemed more relevant to future clinical developments.
The changes within the ILD specialty are captured by the nature of articles published in 2016 in the Journal. IPF was either the primary focus or an important component in 15 of 21 ILD perspectives and original research articles. Sarcoidosis was the subject of two reports, and the remaining publications explored clinical and scientific issues in pulmonary fibrosis.
Diagnosis
Although surgical biopsy is no longer viewed as a diagnostic reference standard in ILD, it remains the single most informative test when clinical and HRCT features are difficult to classify. In the 2011 American Thoracic Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thoracic Association guideline for the diagnosis and management of IPF, a diagnostic biopsy was viewed as essential in the large subgroup of patients likely to have IPF but lacking typical HRCT features (3) . It can be argued that this recommendation did not sufficiently acknowledge contraindications to surgical lung biopsy, including age, comorbidities, and severe disease. Hutchinson and colleagues examined in-hospital mortality after surgical lung biopsy (SLB) in interstitial lung disease in the United States (4). They estimated that approximately 12,000 SLBs are performed annually in the United States, with in-hospital mortalities of 1.7 and 16.0% for elective and nonelective procedures, respectively. Risk factors for mortality comprised male sex, increasing age, increasing comorbidity, open surgery, and a provisional diagnosis of IPF or connective tissue disease (disease severity was not evaluated as a risk factor). As emphasized in a companion editorial, these data help clinicians and patients to take into account the risks related to SLB and indicate that SLB should be reserved for those patients in whom the findings are likely to have treatment implications (5) .
Bronchoscopic lung cryobiopsy (BLC), a new technique developed in Europe, has the potential to provide diagnostic information at a reduced risk, compared with SLB. In two recent meta-analyses of studies performed in patients with ILD, the diagnostic yields (for a histological pattern or a multidisciplinary diagnosis) were 81% (95% confidence interval, 75-87%) (6) and 79% (95% confidence interval, 65-93%) (7) . Mortality associated with BLC was 0.3% (6) , and the pneumothorax rates were 6% (6) and 12% (7) . The definition of severity of bleeding was not standardized, and data on moderate to severe bleeding are difficult to interpret. A prevailing difficulty in ILD is the absence of a diagnostic reference standard against which to evaluate BLC: multidisciplinary diagnosis includes all available data, including BLC information when available. Moreover, multidisciplinary diagnosis itself is hardly a reference standard, given the significant diagnostic disagreement between expert multidisciplinary groups with evaluation of the same patient data in a recent pivotal study (8) .
Important surrogate measures for accuracy in IPF diagnosis, agreement between experts and diagnostic confidence, were explored by Tomassetti and colleagues in a cross-sectional study (9) . Patients with fibrotic interstitial lung disease without a typical usual interstitial pneumonia pattern on HRCT (n = 117) underwent BLC (n = 58) or SLB (n = 59). On the basis of the methodology of Flaherty and colleagues (10) , two clinicians, radiologists, and pathologists recorded their first-choice diagnoses and diagnostic confidence at each step of the diagnostic process. There were major and strikingly similar increases in the proportion of IPF diagnoses made with high confidence with BLC (29-63%, P = 0.0003) and SLB (30-65%, P = 0.0016). Diagnostic agreement between participants was similarly excellent for both procedures. The addition of histopathologic data resulted in a change in diagnosis to IPF in 17% of cases in the BLC subgroup and in 19% of cases in the SLB group. In an associated editorial, the distinction between accuracy and agreement was highlighted, but the very considerable advantages of a highly confident diagnosis were not acknowledged in this commentary (11) . However, more work is required to show that the balance of yield and risk remains acceptable when BLC is used more widely, outside the expert centers that have pioneered its development.
The growing interest in the identification of subclinical IPF has been fueled by analyses showing that treatment benefits of antifibrotic agents on serial FVC trends are virtually identical above and below FVC thresholds of 70%, 80%, and 90% (12) (13) (14) . ILAs, studied in elderly cohorts (15) (16) (17) (18) (19) (20) , and IPF have strikingly similar associations with advancing age, smoking status, smoking dose, and linkage to the mucin 5B (MUC5B) promoter polymorphism (21) , raising the possibility that screening for ILA might facilitate the early identification of IPF. The study of Araki and colleagues of patterns of ILA progression (defined by serial HRCT and pulmonary function data) in a Framingham Heart Study cohort adds an important piece of the jigsaw (22) . Intriguingly, ILA progression was linked to the MUC5B genotype and significantly increased subsequent mortality. More than 80% of ILAs in this study were reticular and subpleural. ILA progression on HRCT was associated with a decline in FVC of 64 ml/yr, only 25 ml/yr higher than in subjects without ILAs and substantially lower than observed in the placebo arms of IPF trials.
The prevalence of ILAs in five cohorts, approximating 6%, is an order of magnitude higher than the prevalence of IPF. Thus, it appears likely that only a minority of ILAs do, in reality, progress to IPF, and this suggests that the identification of subclinical IPF within ILA subgroups will require the integration of serum biomarker signal predictive of ILA progression (23) . Although no data exist linking biomarker signal to ILA progression, this concept was indirectly supported by findings in the study of Ho and colleagues in the Framingham Heart Study cohort (24) . Higher plasma galectin-3 levels were associated with the presence of ILAs, lower lung volumes, and reduced carbon monoxide diffusing capacity and, by implication, to pathogenetic events leading to the genesis of ILAs.
Other Clinical Topics
An international working group statement on acute exacerbation of IPF (AEIPF) included evidence-based updates on epidemiology, etiology, risk factors, prognosis, and management (25) . AEIPF diagnostic criteria were revised to include any acute respiratory event (irrespective of the presence of an overt trigger such as infection) characterized by new widespread alveolar abnormalities on HRCT not fully explained by cardiac failure or fluid overload. The statement highlighted limitations in the evidence base, with many existing uncertainties on all aspects of AEIPF and a notable lack of data from which to construct management recommendations; the report provides a shared framework for clinicians and researchers.
Importantly, the AEIPF working group endorsed microaspiration as a potential AEIPF trigger (26) (27) (28) , adding to interest in gastroesophageal reflux as a potential driver of IPF progression. In a perspective on IPF treatment with proton pump inhibitors by Ghebre and Raghu, the lack of definitive controlled data establishing that treatment benefits exist was highlighted (29) , with conflicting information emerging in recent retrospective studies (27, 30) . Nonetheless, the perspective provides a useful summary of indirect evidence suggesting a pathogenetic role for gastroesophageal reflux in a subgroup of patients with IPF.
Faisal and colleagues explored mechanisms of dyspnea in chronic interstitial and obstructive lung disease, concluding that the association between the intensity of dyspnea and inspiratory neural drive was not influenced by disease-specific aspects of mechanics and respiratory muscle activity (31) . These observations underline the potential importance of the accurate quantification of dyspnea both in clinical practice and as a pivotal end point in future trials. Given a close linkage between dyspnea intensity and levels of inspiratory neural drive, patient ratings of the severity of dyspnea may provide information on the burden on the respiratory system not necessarily captured by pulmonary function abnormalities at rest (32) .
The wealth of ILD data published in recent years, taken together with shifts in paradigm thinking, have led to major difficulties for patients wishing to access accurate information from the Internet. A systematic assessment of the content of the top 181 ranked websites by Fisher and colleagues revealed that information on IPF was mostly incomplete, inaccurate, and outdated when evaluated against a 16-item questionnaire and JAMA benchmarks (33) .
Strikingly, websites generally failed to detail the risks of treatment but often highlighted a treatment regimen known to increase the risk of death and hospitalization, given a strong negative recommendation by American Thoracic Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thoracic Association guidelines. It has been suggested that initiatives by the Pulmonary Fibrosis Foundation to develop accurate patient information may provide a much-needed solution (34) .
Management and IPF Trial Design
The advent of extracorporeal membrane oxygenation (ECMO) has created new opportunities to bridge patients with ILD with acute respiratory failure to recovery or transplantation. In a retrospective analysis of patients with ILD treated with ECMO, Trudzinski and colleagues reported that 6 of 21 patients underwent lung transplantation, with 5 able to be discharged from the hospital (35) . By contrast, 14 of 15 patients not undergoing transplantation (including 2 patients on the transplantation waiting list) died after 40.3 6 27.8 days on ECMO. The authors concluded that ECMO is a lifesaving option in bridging to lung PULMONARY, SLEEP, AND CRITICAL CARE UPDATE transplantation but offers no prognostic advantages in the remaining patients with ILD with acute respiratory failure, a view that was endorsed in a commentary on the study (36) . It is important to stress the distinction between acute respiratory failure in preexisting fibrotic ILD, presumably the starting point in this report, and de novo acute ILD processes with a greater potential for eventual recovery; these findings should not be extrapolated to the latter scenario.
The IPF trial database continues to provide important insights both on the best clinical use of antifibrotic therapies and on study design. Costabel and colleagues conducted prespecified analyses in two replicate trials of nintedanib in IPF, establishing that nintedanib provides therapeutic benefits to a broad range of IPF phenotypes, especially including subgroups defined by age and the severity of baseline impairment in FVC levels (14) . The equivalent treatment benefits, above and below FVC thresholds of 70%, held true with alternative FVC thresholds of 80% with pirfenidone (13) and 90% with nintedanib (12). Thus, decisions by some regulatory bodies to reimburse funding for antifibrotic therapy only in patients with IPF with FVC levels below 80% are not based on existing evidence and are clearly driven by other considerations (37) . Further important findings were that in patients with more severe disease (FVC , 70%), nintedanib maintains health-related quality of life and may reduce the risk of AEIPF, although the latter observation was underpowered (due to the low number of AEIPF events).
Most prognostic analyses in IPF have focused on mortality prediction and, to a lesser extent, on respiratory hospitalization. Prediction of chronic disease progression, quantified using serial FVC trends, has been less studied. The accurate identification of patients with IPF with more progressive disease would have obvious advantages for clinical decision-making as well as improving the efficiency of clinical trials by allowing "cohort enrichment" (i.e., the selective enrollment of patients in whom a treatment benefit can be identified more definitively). In an analysis of two trials of pirfenidone in IPF, Ley and colleagues evaluated baseline and past-change variables against chronic disease progression, defined using 48-week FVC, dyspnea, and 6-minute-walk distance trends (38) . The findings were disappointing but definitive. Measures of chronic disease progression were not meaningfully predicted by the top-performing predicted models, whereas models for time to respiratory hospitalization or death achieved a satisfactory level of accuracy. Perhaps the most important message from this study is that attempts to identify likely disease progression from clinical variables are highly unlikely to be fruitful without the integration of genetic and biomarker data (39) .
Home Spirometry
With the advent of wearable technology, there has been an explosion in interest in monitoring chronic disease within the domiciliary setting to improve delivery of care and to identify, at an early stage, acute deteriorations. FVC has become the accepted standard for assessing disease progression in IPF. Domiciliary monitoring of spirometry is currently routine in many transplant centers around the world. With this in mind, Russell and colleagues sought to explore the feasibility of measuring daily FVC in 50 individuals with IPF using a hand-held spirometer (40) . The authors were able to demonstrate that home FVC could be practicably and reliably measured in the majority of subjects. Furthermore, the data generated were highly informative, identifying within 3 months a group of patients at high risk of short-term mortality; subjects losing more than 5% FVC over 3 months had a median survival of 334 days compared with a median survival of 930 days in those with a slower rate of decline. In addition, in four cases, home spirometry effectively identified acute exacerbations of disease.
Although not yet ready for routine clinical practice, home spirometry has the potential to inform shorter proof-of-concept trials as well as be used as a tool for detecting acute worsening of disease (41, 42) .
Precision Medicine and Biomarkers
Precision medicine, as defined by the National Institutes of Health's Precision Medicine Initiative Working Group, is an approach to disease treatment and prevention that seeks to maximize therapeutic effectiveness by taking into account individual genetic, molecular, environmental, and lifestyle differences. As discussed in depth by Brownell and colleagues in an insightful Concise Clinical Review, precision medicine represents a new frontier for IPF clinical research that provides an opportunity to integrate mechanistic, pathobiological, environmental, and behavioral approaches to disease classification and treatment (43) .
Biomarkers to aid diagnosis, identify disease subgroups, and determine disease progression and response to therapy are vital tools required to effectively deliver precision medicine (44). White and colleagues have therefore made an important contribution to our understanding of the diagnostic value of a range of previously identified fibrosis biomarkers (45) . The researchers used an existing multiplex platform, the fibroplex, to measure 35 fibrosis-associated proteins in the plasma of healthy control subjects and individuals with IPF and a range of other interstitial lung disorders. Their data revealed osteopontin, matrix metalloproteinase-7, and surfactant protein-D to be the proteins with the greatest discriminatory power when seeking to separate IPF from other non-IPF interstitial lung diseases. In a validation cohort including subjects with rheumatoid arthritis-usual interstitial pneumonia, the authors found an overlapping biomarker signature between IPF and the rheumatoid arthritis-usual interstitial pneumonia group, suggesting that their three-biomarker signature might better be considered an identifier of progressive fibrosis rather than IPF alone. Validation is required in further prospective cohorts before these observations can be translated in to routine clinical practice (46) .
Pennathur and colleagues combined the identification of potential diagnostic biomarkers with mechanistic studies to highlight novel pathogenic mechanisms (47) . The authors demonstrated that three tyrosine-oxidation products, all markers of heightened oxidative stress responses, are elevated in the plasma of individuals with interstitial lung disease compared with healthy control subjects. They were able to demonstrate a similar increase occurring in the murine bleomycin model. In vitro experiments suggest that these tyrosine oxidation products are generated by the action of a heme peroxidase, most likely myeloperoxidase, released by activated neutrophils and macrophages and PULMONARY, SLEEP, AND CRITICAL CARE UPDATE transforming growth factor-b-stimulated myofibroblasts. This study confirms that biomarkers of oxidative stress might be feasibly measured in interstitial lung diseases and that they may provide clinically informative and disease-relevant information (48) . Prospective longitudinal biomarker studies are, however, required to validate these findings.
IPF Pathogenesis
Since the initial reclassification of the idiopathic interstitial pneumonias in 2001, there has been an exponential improvement in understanding of the key pathogenic mechanisms involved in the development and progression of IPF. It is now apparent that IPF is a disease characterized by aberrant activation of wound-healing pathways that occurs after repeated injury and premature aging of alveolar epithelial cells in genetically susceptible individuals (49) . These insights have been further developed during 2016. The most robust genetic linkage to IPF susceptibility is with a polymorphism in the gene for MUC5B. The role played by MUC5B in the pathogenesis of IPF remains to be defined. Early work published in 2016 demonstrates that MUC5B is present in bronchial epithelial cells and hyperplastic epithelial cells lining honeycomb airspaces in IPF but not in the fibrotic regions of scleroderma-associated NSIP (50) . In vitro in airway epithelial cells, the IPF-related promoter polymorphism results in increased secretion of MUC5B compared with the wild-type allele (51) .
TGF-b is the prototypic profibrotic growth factor that is believed to play a central role in the development of fibrosis in IPF. The functions of TGF-b are well understood. What is less clear in IPF are the sources of excess TGF-b and, equally importantly, what factors lead to activation of the latent form of the growth factor. Froese and colleagues demonstrate an important role for mechanical lung stretch in activating TGF-b in fibrotic but not healthy lung (52) . The group used rat lungs induced to undergo fibrosis by TGF-b overexpression and showed ex vivo in a tissue bath that mechanical stretch of fibrotic lung tissues results in TGF-b activation with consequent phosphorylation of Smad 2/3. Normal lung tissue fails to show any such response. Importantly, the group was able to replicate these findings in human fibrotic lung samples. The role of dynamic lung stretch, which occurs as a direct consequence of breathing, is frequently and erroneously overlooked in pathogenic studies. This study also goes some way to explain why mechanical ventilation can prove to be deleterious in patients with fibrotic lung disease through the triggering of acute exacerbations (53) .
Matriptase, a transmembrane serine protease, is known to proteolytically cleave protease-activated receptor-2, a G-coupled receptor implicated in the development of fibrosis. Bardou and colleagues demonstrate that matriptase is up-regulated in IPF lung (54) . In murine bleomycin experiments, matriptase is up-regulated during fibrogenesis, whereas treatment of mice with the matriptase inhibitor camostat mesilate attenuates the development of fibrosis. In in vitro experiments, matriptase was shown to stimulate fibroproliferative responses in lung fibroblasts, an effect strongly attenuated by protease-activated receptor-2 inhibition. As well as shedding light on a hitherto unrecognized pathogenic mechanism, this study highlights a potential novel treatment approach through inhibition of matriptase by camostat mesilate, a drug that has been used in Japan as a treatment for chronic pancreatitis (55) .
Another pathogenic insight with the potential to lead to novel therapeutic developments is that reported by Tan and colleagues relating to relaxin/insulin-like family peptide (56) . The authors observed that relaxin/insulin-like family peptide-1 gene expression is decreased in the lungs of individuals with IPF. In in vitro experiments, treatment of fibroblasts with a relaxin-like peptide, CGEN25009, reduces collagen production. In vivo in murine bleomycin models, the same peptide abrogates fibrosis. Although these data suggest a potential role for relaxin augmentation in the treatment of pulmonary fibrosis, it is important to highlight that recombinant human relaxin has proved ineffective in randomized clinical trials performed in subjects with diffuse cutaneous scleroderma (57) .
Desmoplakin, a dermosomal cell-cell adhesion protein, is important in wound healing and epithelial barrier function. Mathai and colleagues, building on previous seminal work from their group (58, 59) , sought to identify biologically relevant sequence variants in the desmoplakin gene associated with IPF (60) . To do so, they sequenced a locus on chromosome 6 in 230 subjects with IPF and 228 control subjects. The authors report two sequence variants that modify risk of developing IPF: rs2744371 a noncoding variant in intron 1 was protective against IPF, whereas a previously described IPF-associated intron 5 variant, rs2076295, was associated with increased risk. Interestingly, the authors found that desmoplakin was increased in IPF lung tissue, and immunohistochemical staining localized desmoplakin to the bronchial epithelium. These data challenge the concept that IPF is a disease driven primarily by abnormalities in the alveolar epithelium (61) .
Although the epithelium seems likely to be the site of initiation for IPF, the fibroblast and its activated form, the myofibroblast, remain the key effector cells responsible for the production of extracellular matrix in the fibrotic lung (62) . With this in mind, Tzouvelekis and colleagues studied the role of H2 domain-containing tyrosine phosphatase-2 (SHP2), a ubiquitously expressed nonreceptor protein tyrosine phosphatase, in driving the profibrotic phenotype of IPF lung fibroblasts (63) . In studies with IPF lung tissue, the authors found down-regulation of SHP2 within fibrotic regions. In vitro, they were able to demonstrate that SHP2 knockdown increased fibroblast-to-myofibroblast transformation. In vivo, in murine bleomycin lung fibrosis, inhibition of SHP2 increased fibrosis, and this was blocked by lung-targeted lentiviral delivery of SHP2. These data suggest that SHP2 augmentation represents a potential therapeutic strategy in IPF.
COPD and IPF may represent opposite ends of an aberrant wound-healing response to repeated injury. In the case of COPD, repair mechanisms are inadequate and fail to replace damaged alveoli, whereas in IPF, the injury response results in exaggerated and uncontrolled extracellular matrix production and scarring. The overlap between these two disorders has been given the name combined pulmonary fibrosis emphysema. Kusko and colleagues explored the pathogenetic relationships between COPD and IPF in a comparative study of whole-lung transcriptomics. In so doing, they demonstrated shared transcriptional signatures between the two disorders focused around the p53/hypoxia pathways. The authors postulate that their findings demonstrate that both PULMONARY, SLEEP, AND CRITICAL CARE UPDATE diseases share key abnormal responses to environmental stressors (64) .
Sarcoidosis
Sarcoidosis remains an enigmatic and relatively poorly understood condition. Research funding for sarcoidosis has, sadly, been lagging behind that of other respiratory disorders, despite the fact that the disease causes significant morbidity and appreciable mortality in a working-age population. Nonetheless, 2016 saw the publication of two important sarcoidosis papers in the Journal. The first of these, by Rivera and colleagues, used high-density genetic mapping in five independent cohorts (four of white European descent and one of black African descent) to explore the genetic architecture of Lofgren syndrome (LS) and non-LS sarcoidosis (65) . The authors identified175 loci associated with LS and 11 loci associated with non-LS; of these loci, 5 were common between the phenotypes. Although requiring further detailed mechanistic studies, these data strongly suggest that LS and non-LS sarcoidosis are driven by distinct, albeit slightly overlapping, molecular pathways (66) .
IFN-g-producing CD4 1 T-helper cells are believed to play a key role in granuloma formation in sarcoidosis. Th17.1 cells are a recently recognized subgroup of CD4 1 T cells that have been identified as major producers of IFN-g in Crohn disease. Using flow cytometry-based cell-surface marker identification and single-cell sorting, Ramstein and colleagues were able to isolate Th17.1 cells from the lavage of subjects with sarcoidosis (67) . The researchers found that these Th17.1 cells, but not Th1 or Th17, were increased in the lungs of subjects with sarcoid compared with healthy control subjects. In blood, this pattern was reversed. Approximately 60% of the isolated TH17.1 cells produced IFNg, suggesting an important role for these cells in the development of sarcoidosis and thus challenging the existing paradigm that sarcoidosis is a Th1-driven disease. This is an insight that may turn out to have important therapeutic consequences, especially given the fact that TH17.1 cells are generally considered to be relatively insensitive to corticosteroids (68) .
Conclusions
The availability of effective antifibrotic therapies has provided additional impetus to the clinical and basic science study of fibrosing lung disease. The growing body of preclinical literature is shining an everbrighter light on the key mechanisms involved in the development of IPF, to the extent that the moniker "idiopathic" now urgently requires revision. In the clinical domain, the role of both existing and new technologies (such as cryobiopsy and novel blood biomarkers) in diagnosing and monitoring fibrosing lung disease has been better defined. In addition, the patient voice is, very rightly, growing stronger, and the importance of high-quality sources of information in facilitating this cannot be overemphasized. Looking to the future, although there remain many questions to be answered, it is to be hoped that the recent giant strides made in fibrosing lung disease will be replicated in other interstitial lung diseases, such as sarcoidosis. n
